We investigated the effect of oral immunization on the serum and salivary immunoglobulin levels in axenic and conventional NIH mice. Specific antibacterial and antifungal antibodies were measured by passive hemagglutination, and differences in the immunoglobulin classes were measured by radial immunodiffusion. After an oral immunization regimen with either intact Escherichia coli or Candida albicans, a significant increase in specific antibody above the base-line reciprocal titer of 32 was observed in conventional mouse saliva. Saliva from axenic mice immunized with the formalized microorganisms yielded reciprocal antibody titers of 256, as compared with an absence of specific antibodies in control animals. Assay of the sera of both groups of immunized mice revealed no increase in antibody levels specific for E. coli lipopolysaccharide or Candidin.
The principal immunoglobulin in the external secretions of most mammals is secretory immunoglobulin A (sIgA), which differs from serum IgA in that the former exists as a dimer with a bound protein termed the secretory component (5, 16, 24, 26) . Beneveniste et al. (2) demonstrated that IgA present in the cecal contents of conventional mice was of the 1iS dimer form and contained an antigenic determinant distinct from serum IgA. This determinant was thought to be similar to the secretory component described for human sIgA. Serum and salivary gland homogenates from axenic mice were shown to be devoid of IgA. In examining the salivary gland homogenates from conventional animals, two types of IgA were demonstrated, with only one containing the extra antigenic determinant. The second component was thought to be native 7S IgA existing unbound in the salivary glands. It has been suggested that immunoglobulins of the IgA type are common to mammalian body fluids secreted by the breast, intestinal and bronchopulmonary mucosa, salivary glands, and other secretions exposed to immunogens present in the external environment (18, 23) . We sought to determine the levels of IgA in the saliva of axenic mice as compared with that present in salivary secretions of conventional animals. Since the presence of immunoglobulins in exocrine secretions has also been shown to play an important role in the protection of mucosal surfaces from certain pathogenic microorganisms, a concomitant purpose of this study was to examine the induction of specific antibodies in the saliva of orally immunized axenic and conventional mice.
MATERIALS AND METHODS Animals. Outbred axenic and conventional NIH Swiss mice were used in these studies. All experimental animals were between 2 and 4 months of age. The axenic mice were raised in sterile plastic isolators and fed an autoclaved GBI TD70066 diet (General Biochemicals, Inc.).
Collection of whole saliva and serum. For the collection of whole saliva, mice were immobilized in restrainers and administered Pilocar (pilocarpine hydrochloride ophthalmic solution, 0.5%; Smith, Miller and Patch, Inc., New Brunswick, N.J.) subcutaneously, in a dose of 5 mg/kg. The saliva samples were collected in sealed funnels and clarified by centrifugation at 1,400 x g for 20 min. The yield from this procedure was approximately 0.4 to 0.7 ml of whole saliva per animal. To examine the immunoglobulin concentrations in whole saliva, individual saliva samples from groups of 12 mice were randomly pooled in sets of three and concentrated 12-fold, as determined by the method of Lowry et al. (13) , by :apid pervaporation. For the passive hemagglutination procedure, salivary immunoglobulins were precipitated with 33% saturated (NH4)2SO4 (15 
RESULTS
Quantitative assay of immunoglobulin levels. Serum obtained from axenic mice contained markedly reduced quantities of the various immunoglobulins when compared with conventional mice of the same age ( Table 1) . The serum IgM levels of axenic and conventional mice were 0.7 and 1.1%, respectively, of the total protein content in the serum. However, the IgG content for conventional mice was 12.1% of the total protein, whereas axenic mouse serum contained only 4.4% IgG. The disparity was even more evident when IgA levels were measured for axenic (0.1%) and conventional (0.7%) serum samples.
Examination of whole saliva in conventional (Table 3) were similar to that found in the C. albicanstreated animals.
Assay for specific salivary antibodies. The effect of local immunization on the production of specific antibodies in the saliva and serum of conventional and germfree mice is illustrated in Fig. 1 and 2 . Immunization of conventional mice with formalized C. albicans resulted in a significant increase (P < 0.001) in specific antibody in saliva, with no detectable concomitant increase in serum antibody titer (Fig. 1) . Axenic mice stimulated with the formalized preparation exhibited a substantial increase in specific antibodies in saliva. After immunization, the salivary antibody titer in these animals approached that seen with conventional mice, whereas specific antibodies could not be detected in the germfree mouse serum.
When similar studies were performed with formalized E. coli suspensions (Fig. 2) , the findings were analogous to those observed with C. albicans. Local administration of the bacteria again resulted in a distinct increase in specific anti-E. coli antibodies in the saliva from both conventional and germfree mice.
DISCUSSION
This study examined the immunoglobulin levels in whole saliva and serum of axenic and conventional outbred NIH Swiss mice. The presence of humoral immunoglobulins in exocrine secretions after local antigenic stimulation has been shown to play an important role in the protection of mucosal surfaces from pathogenic microorganisms (1, 6, 7, 17, 22, (28) (29) (30) . It has been previously shown that serum and secretory IgA have antibody activity for a wide variety of materials, e.g., viruses (1, 3, 11, 17, 22, (28) (29) (30) , bacteria (6, 7, 19, 21, 31) , bacterial toxins (20) , fungi (10, 12, 27) and lipopolysaccharides (4) . The route of immunization with an antigen appears to determine which form of specific IgA antibodies is produced (17) . (9) has studied and demonstrated low levels (0 to 30 ,g/ml) of specific anti-horse spleen ferritin antibodies in the serum of axenic mice after oral administration of this antigen. Our results differ from these findings; the differences may be attributable to the antigens used, dosages of antigen, interval of administration, and method of sensitization. Recent data from our laboratory have also indicated that axenic mice immunized orally with formalized gram-negative bacteria exhibit specific serum antibodies to flagellar antigens rather than to purified lipopolysaccharide (manuscript in preparation). In this report, a uniform lack of increase in immunoglobulin levels in the serum of locally sensitized conventional mice was noted. However, in axenic mice immunized with either C. albicans or E. coli, a rise in serum IgA was demonstrated. This increase in serum IgA was not detectable as specific antibodies in the serum as shown by the passive hemagglutination procedure. By the method of local sensitization used in this study, a stimulation of secretory antibodies in the gastrointestinal tract would likewise be accomplished. As has been suggested by numerous studies on the secretory immune system, a proportion of IgA synthesized by the lamina propria of the gut enters the systemic circulation as 7S monomers or lOS dimers (23) (24) (25) . Consequently, a rise in serum IgA in the immunized axenic mice could suggest this transudation process. The inability to demonstrate a similar increase in serum IgA in conventional animals may reflect the significant background IgA levels in the serum of unimmunized conventional mice as compared with that level observed in axenic control animals. Studies are now in progress examining the local production of antibodies in the gastrointestinal tract of axenic mice sensitized by the oral immunization procedure used in this investigation.
The salivary secretory system in germfree mice appears to be immature due to limited antigenic stimulation (8) . However, these animals are capable of responding to local administration of an immunogen by producing specific salivary antibodies in concentrations approximating that elicited by conventional mice. 
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